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 
Abstract—Cycle-to-cycle (C2C) current variability occurring 
in ReRAM devices is not only an stochastic feature inherent to 
electron transport in low dimensional conducting structures but 
also a consequence of the measurement protocol used to 
characterize the device evolution during resistance switching. In 
such latest case, C2C changes depend on the particular 
arrangement of the ions or vacancies that form the conducting 
filament spanning the dielectric film. In this work a discrete first 
order autoregressive model AR(1) with long-term variation is 
used to represent both the random and the “deterministic” 
behaviors of the high resistance state current. Simulation of C2C 
instabilities in SiOx is carried out through the quantum point-
contact model for filamentary electron transport in dielectrics 
with fluctuating confinement potential barrier height. Simplicity 
is of utmost importance since the proposed approach is aimed for 
circuit simulation environments in which complex and time-
consuming computations need to be avoided.  
 
Index Terms—Resistive Switching, Variability, MIM, SiOx  
I. INTRODUCTION 
ERAM (Redox-based Resistive RAM) devices are 
considered one of the most promising candidates to 
overcome the limitations of conventional memory devices 
such as Flash, particularly in connection with scalability issues 
[1]. Electron transport in ReRAMs is single or multi 
filamentary-type with metal atoms or oxygen vacancies 
forming conducting pathways spanning an oxide layer [2]. 
These pathways can grow and dissolve reversibly by applying 
voltage pulses or sweeps with the appropriate polarity. 
Transitions to the low (LRS) and to the high (HRS) resistance 
state are referred to as the SET and RESET processes, 
respectively. While LRS is often ascribed to Ohmic 
conduction, HRS has been related to a wide variety of 
mechanisms including Schottky and Poole-Frenkel emission, 
trap assisted tunnelling, space charge limited, and quantum 
point-contact (QPC) conduction [2-5]. In this latest case, the 
filamentary structure is treated like a quantum wire with a 
confinement potential barrier located at its narrowest section 
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[6]. The QPC model is able to explain linear and nonlinear 
quantization effects observed in ReRAMs [7-18]. Due to its 
low dimensional nature, the HRS conducting filament (CF) is 
prone to suffer microstructural changes [19-23] that appear as 
current fluctuations around a central trend represented by an 
effective confinement barrier [18]. This barrier changes from 
C2C since atomic arrangements are not identical after each 
SET and RESET event. The way the barrier changes is also 
largely influenced by the measurement protocol used to 
characterize the switching capability of the device. The 
existence of a central tendency with spread for the current 
modification is consistent with the idea of a conductive region 
formed by a bunch of electron transport channels with 















Fig.1: a) Experimental I-V characteristics for the devices investigated in this 
letter. The inset shows the classical interpretation of LRS and HRS in terms of 
the lateral size of the constriction. The red solid line is the median curve. The 
dashed line corresponds to the conduction characteristic of a monomode 
ballistic conductor. G0 is the quantum conductance unit. b) Resistance window 
for LRS and HRS measured at 0.5V. c) Evolution of the resistance window. 
 
In this Letter, a stochastic model for the electron transport 
characteristic in Si-rich silica (SiOx) filamentary-type switches 
compatible with previous observations of quantization effects 
[8] is reported. The proposed approach deals with variability 
using an autoregressive (AR) model with a long-term trend for 
the confinement barrier height. This formulation is useful for 
circuit simulation environments where complex and time-
consuming computations like those based on 3D kinetic 
Monte Carlo techniques are not allowed [24-26]. The attention 
here is exclusively focused on HRS since this low state current 
corresponds to the more unstable and more difficult to control 
characteristic in ReRAM devices. 
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Fig.2: a) Detail of the RESET region in Fig.1.a. Some selected curves are 
shown with heavy solid lines. b) Current trend and evolution of the 














Fig.3: a) Schematic of the confinement barrier profile and effect of the applied 
voltage. b) Typical experimental and model results using expression (3). 
II. EXPERIMENTAL CHARACTERIZATION 
ReRAM devices were fabricated on Si substrates with a top 
layer of 4 μm of thermal SiO2. 280 nm of Mo (bottom 
electrode) was deposited onto the SiO2 layer by sputtering. 
The switching oxide was deposited by reactive magnetron 
sputtering, in which an undoped Si target was used to sputter 
the SiOx thin film (35 nm) onto the substrate in an O-rich 
environment. After this, a thin (3 nm) adhesion layer of Ti 
followed by a 115 nm layer of Au was deposited by e-beam 
evaporation to serve as top electrode (400 μm × 400 μm). The 
devices were initially electroformed with a maximum voltage 
ramp of -3 V and a current compliance CC=2 mA [27]. After 
this, the devices were subjected to successive voltage sweeps: 
0V-3V3V0V. The I-V characteristics are illustrated in 
Fig.1.a. During the sweep back to 0 V, the HRS curves show 
spontaneous instabilities which are mostly confined to the 
conductance region G<G0, G0=2e2/h being the quantum-
conductance unit. Although Fig.1.b shows a well-defined 
resistance window (102@0.5V), Fig.1.c reveals the existence 
of a trend in HRS that is not captured by the previous plot. 
The origin of this trend can be understood from the data 
shown in Fig.2.a, which is a detail of the RESET region in 
Fig.1.a. Remarkably, the RESET dynamics (right-going arrow 
in Fig.2.a) and the maximum excursion of the input signal (3V 
in this case) determine the starting point (left-going arrow) of 
the corresponding HRS I-V characteristic. This indicates that 
C2C evolution and unstabilities need to be assessed 
considering the particularities of the measurement protocol. 
III. MODEL EQUATIONS AND SIMULATIONS 
Conduction through fully and partially formed CFs can be 
modeled using an effective confinement barrier of height Φ0 
that takes into account the series and parallel combination of 
multiple scatterer centers [18]. Because of the atomic 
rearrangements, the transmission properties of the scatterers 
are expected to change from C2C leading to a global 
modification of Φ0. The current that flows through the device 
can be calculated using the Landauer formula as [6]: 
  
              𝐼 =
2𝑒
ℎ
∫ 𝑇(𝐸, 𝑉)[𝑓(𝐸 − 𝑒𝑉) − 𝑓(𝐸)] 𝑑𝐸
+∞
−∞
           (1) 
 
where T is a transmission coefficient, f the Fermi-Dirac 
distribution function, E the energy, V the applied voltage, e the 
electron charge, and h the Planck’s constant. Assuming that 
the confinement barrier can be approximated at its narrowest 
section by an inverted parabolic barrier of height Φ(𝑉), T can 
be expressed as [3,28]: 
 
𝑇(𝐸, 𝑉)𝑒𝑥𝑝{𝛼[𝐸 − Φ(𝑉)]}                        (2) 
 
where 𝛼 is a parameter related to the longitudinal barrier 
profile. Now, for a linear relationship Φ(𝑉) = Φ0 − 𝛾𝑒𝑉 with 

















Fig. 4: Experimental (solid lines) and model (heavy solid line) results used to 
investigate the dependence of the model equation (3) on the parameter . The 
arrow indicates the estimated value for . 
 
(3) is strictly valid for eV0/(1+) in the zero-temperature 
limit. If for the sake of completeness, a series resistance RS, 
common to all conducting channels [30], needs to be included 
in the above treatment, replacing VV-IRS in (3) yields 









𝑊{𝐺0𝛾𝑅𝑆𝑒𝑥𝑝[−𝛼(Φ0 − 𝑒𝛾𝑉)]}              (5) 
 
are the right- and left-going current components shown in 
Fig.3.a. W is the Lambert function. In our case, RS plays no 
significant role but can be of relevance in others [31]. Typical 
fitting results using (3) in linear and log scales are illustrated 
in Fig.3.b. Figure 2.b reveals that the reduction of the C2C 















































































































































a)                                         b) 
experimental current at a fixed bias can be accounted for by an 
increasing confinement barrier height. For the current range 
under study the proposed model yields reasonable values for 
Φ0 but for lower HRS current values, a trap-assisted tunneling 


















Fig. 5: Effect of a) C and b) C on the current. Symbols are experimental 
data. c) Log-linear and d) linear-linear plots: sequence of I-V curves generated 
using (4) and (7). Best fitting results are obtained using C=0.3 and C=0.06. 
 
In order to assess the role played by 𝛼 in (3), Fig.4 shows how 
this parameter can be estimated from data. At the largest 







                                 (6) 
 
which is independent of Φ0. From experiments, an average 
value 𝛼1eV-1 for 𝛾=0.5 (constriction’s bottleneck located in 
the middle of the oxide film) is obtained. For the sake of 
simplicity, 𝛼 (slope of the ln(I)-V curve) will be considered 
fixed so that variability will be exclusively ascribed to Φ0 (see 
Fig.3.a). In what follows, model results are reported for 
positive voltages but they equally apply to negative ones 
because of the symmetry of the HRS curves. C2C variability is 
simulated as follows: it is assumed that for cycle i the barrier 
height 𝜑0𝑖  is expressed as an AR(1) process with trend Φ0𝑖:    
 
𝜑0𝑖 = (1 − 𝜌𝐶)Φ0𝑖 + 𝜌𝐶𝜑0𝑖−1 + 𝜎𝐶𝜖𝑖               (7) 
 
where C is the self-correlation coefficient, C the standard 
deviation, and 𝜖𝑖~𝑁(0,1) a Wiener process (white noise). AR 
processes of higher order can be considered if necessary [33]. 
Now 𝜑0𝑖  replaces Φ0 in (3). For our experimental conditions: 
 
Φ0𝑖 = 0.155 ln 𝑖 + 0.99    [eV]                    (8) 
 
This particular dependence arises from the linear increase of 
the HRS resistance with the cycle number shown in Fig.1.a. 
For a different measurement protocol (for instance, different 
end voltage or pulse switching condition) the functional 
dependence in (8) needs to be identified. This relationship can 
be a function of other parameters (injected charge, pulse 
amplitude, etc) as well in addition to the cycle number. 
Importantly, for an AR(1) process, 
0
~𝑁(Φ0𝑖 , 𝜎′𝐶
2 ) where 
𝜎′𝐶
2 = 𝜎𝐶
2 (1 − 𝜌𝐶
2)⁄  is the effective variance [33]. This result 
is compatible with the log-normal current fluctuations reported 
in literature [34]. The effects of C and C on the HRS current 
are illustrated in Figs. 5.a-d. As can be seen, the consecutive I-
V curves follow a trend but are not completely ordered. 
Physically, the reduction of the current observed in Fig.5 as 
the cycling experiment proceeds can be explained by an 
effective confinement barrier increase which in turn can be 
attributed to a thinning process of the CF. In other words, as 
the stabilization process evolves, fewer and fewer atomic sites 
contribute to the current or are able to switch to a higher 
transmission probability arrangement.  
Finally, let us discuss how Eqns. (3) and (7) can be 
implemented in a generic circuit simulator. Notice that this is 
not a compact model for ReRAM since it is not aimed to deal 
with transitions and LRS variability. As shown in Fig. 6, (3) 
can be modelled as a voltage-driven current generator (IQPC) 
with a series resistance RS (eqns. (4) and (5)). The AR process 
(7) can be simulated using another voltage-driven current 
generator which includes the trend, the previous barrier height 
(sampled at Vx) and the gaussian noise (obtained using the 
Box-Muller transform [35]). The capacitor C is used to store 
the barrier height value as a voltage and must be initiallized 
with a current sampled from the normal distribution 
𝑁(Φ0𝑖 , 𝜎′𝐶
2) so as to ensure a process with invariant measure 
(without transient). RP is a parallel resistance with value 1. 
The proposed approach is similar to that used for the memory 
state of a memristor [36]. The index i used to calculate the 
cycle trend (8) can be defined as a global variable (run 
number) or can be incorporated into the model script as a 




Fig. 6: Schematic of the simulation model. The current generators IQPC and I 
represent the filamentary current and the AR process, respectively. Node Vx is 
used to control the tunneling current. The capacitor C stores the information. 
IV. CONCLUSIONS 
An stochastic model for the C2C instabilities in the HRS I-V 
characteristic of SiOx-based ReRAM devices based on 
quantum point-contact conduction was presented. The main 
advantage of our proposal is the simplification of 
computations in comparison with previous simulation 
schemes. It is clear that the limitations are also higher but the 
final result is a tool appropriate for circuit simulators in which 
the microscopic physical aspects of the electron transport 
problem are hard or impossible to implement in detail.  
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